T HERE are no reliable acoustical data to aid physicians in their selection or use of a stethoscope. Yet, the sole medical utility of any stethoscope is derived from its acoustical performance. It is the purpose of this paper to provide clinicians with objective acoustical performance data on intact and current stethoscopes.
Frederick and Dodge' first recognized that the stethoscope was deserving of acoustical study in 1924. They studied the intact stethoscope, but their data understandably reflected the limitations of acoustical test instruments of the time. In 1940, Johnston and Kline2 made an objective acoustical study of stethoscope components. Their test method was physiologically oriented and employed a sound source implanted within a cadaver heart. They concluded that the design of the chestpiece was an important determinant in shaping the response of a stethoscope. Rappaport and Sprague3 4 studied stethoscope tubing. They interpreted their data to indicate that the physical properties of tubing had considerable influence on stethoscope efficiency. Groom5' 6 investigated stethoscope performances through well-executed subjective studies. He called attention to the importance of well-fitting earpieces and cited the impairment of stethoscope performances caused by air leaks and ambient noise levels. However exceeds its input, amplification has occurred and its amplitude is indicated by "+" db. Where attenuation has occurred, it is indicated by"-" db. The actual recording of the input signal appears as a flat line at 0 db on all graphs. Its maximum deviation from a true flat response is less than + 0.5 db. Fig. 5) . The combination of this particular trumpet-shaped bell with double tubing design resulted in the greatest range of amplification at the high frequencies of all stethoscopes tested. There are narrow troughs of attenuation at 500, 1,000, and 2,500 cps, but its peaks of amplification extend beyond 3,000 cps. No other stethoscope was found to amplify beyond 3,000 cps. (Fig. 9) . The low frequency (primary) peak of this stethoscope shows considerable amplification, but this is immediately followed by a trough of attenuation and a single notched peak of amplification in the mid-frequency range. There is progressive attenuation beyond 500 cps. The curve of this instrument illustrates a response characteristic common to all single-tube stethoscopes: (Fig. 11) . The primary response peak is reduced, indicating less low frequency amplification, and this is followed by insignificant secondary amplification peaks at the mid-frequencies. The general response pattern is even more irregular than that of group III.
Stethoscope No. 8 (Fig. 12) . The primary amplification peak is further diminished and is immediately followed by a deep trough of attenuation. There are no secondary peaks of amplification.
Filtration Patterns of Diaphragm Chestpieces
Sound filtration by a diaphragm is best appreciated by contrasting its response pattern with that of the same chestpiece having its diaphragm removed. In the latter condition, the chestpiece functions as a bell and its response pattern represents the transmission acoustics of the instrument. In every case, it was found that diaphragms attenuate the transmission pattern, though there is wide variation with respect to the selectivity of this effect.
The diaphragm response of stethoscope no. 9 ( fig. 13) Response of stethoscope no. 9 (diaphragm chestpiece). Dotted line is transmission pattern (diaphragm plate removed). Solid line is filtration pattern (diaphragm on). The diaphragm attenuates low frequencies well with no significant attenuation of the transmission pattern at higher frequencies. through relatively unchanged compared to its transmission pattern with the diaphragm removed.
Contrasted to this pattern is the filtration pattern of stethoscope no. 10 ( fig. 14) . This diaphragm attenuates sounds at all frequencies.
The diaphragm of stethoscope no. 11 ( fig.  15 ) selectively filters out low frequency sound and it permits the passage of high frequency sound with relatively little attenuation. However, the basic design of the instrument has resulted in a transmission pattern characterized by progressive attenuation above 150 cps. The diaphragm does not overcome transmission deficiencies. The data indicate that this approximation is so close that discrepancies are too small to be audibly apparent outside a sound-proof room.* Hence, the response patterns of the stethoscopes depicted by this method can be interpreted as indicative of how the average physician hears pure tones through these instruments. When these response patterns are applied in a clinical context, it should be recalled that cardiovascular sounds are comprised of mixed frequencies, not pure tones. It has been well-documented10' 11 that low frequency components of a mixed sound "mask-ouf' the higher frequency components, and as far as the listener is concerned, the high frequency components may be faint or absent. This concept is especially pertinent to the interpretation of diaphragm filtration acoustics. When the diaphragm selectively filters out low frequencies, their masking effect is also removed. The result is that the high frequency sounds appear to the listener to be amplified. On the other hand, a diaphragm which is not selective and attenuates at all frequencies behaves more like an inefficient bell. Even if the diaphragm does filter only at the low frequencies, it is the transmission pattern of the stethoscope which determines whether there is sufficient output for the high frequencies to be audible in the first place.
In comparing the transmission patterns of intact bell-type stethoscopes, we are struck by the clustering of their responses into four distinct groups which correspond to their basic design. Group I is characterized by outputs which amplify at the higher frequencies. Group II negates this positive value of double tubing *At low sound levels the ear can discriminate differences on the order of 1 db in ideal conditions and in a sound-proof room.12 Ambient noises in clinical situations would be expected to raise the discrimination level to 3 db or more. 13 design by utilizing a shallow bell. The result is a loss of high-frequency response despite double tubing. Single tubing design results both in an irregular distortion pattern and in a considerable loss of output at the high frequencies. Both effects were seen in groups III and IV. This is unfortunate, in our opinion, because the single tubing design is more compact, subject to less extraneous noise and looks neater. The single-tube design appears to be the trend in current stethoscope production, yet it invariably results in excessive losses at the higher frequencies. Though low frequency sounds are conceded to be important to clinical auscultation, high frequency sounds are also important and well worth preserving. High frequency sounds possess localizing properties. They do not spread as widely or with the intensity that low frequency sounds spread across the chest wall.14 Certainly, the ability to localize cardiovascular sounds to their point of origin is important to auscultation and it is the high frequencies which facilitate this. High frequencies contain the harmonics or overtones of musical sound patterns which give distinctive character to musical instruments. Similarly, the high frequency components contribute to the recognition of the distinctive characteristics of such lesions as mitral insufficiency in contrast to the murmur of a ventricular septal defect.15 Some murmurs which are of very low intensity (at or near the hearing threshold) are composed of high frequency components almost exclusively'6 (for example, the murmur of aortic insufficiency). Any stethoscope which attenuates high frequencies may render such a murmur inaudible. It is also worth pointing out that senior clinicians may have lost their hearing acuity at the higher frequencies due to presbycusis and truly need amplification in this range.
In comparing the responses of modern stethoscopes to that of the Laennec instrument, especially at the higher frequencies, it is difficult to espouse an optimistic view of continuing acoustical improvement. But such a comparison must take additional factors into Circulation, Volume XXXIV, November 1966 account. The Laennec stethoscope is monaural; and hearing is more sensitive when binaural. 17 The Laennec stethoscope is also a bulky, rigid device. There is no question that modern stethoscopes are far more convenient to use and aesthetic in appearance. However, the question is raised: What acoustical price are we willimg to pay for convenience or appearance? In the absence of objective acoustical data on stethoscope performance, it is not difficult to see why so many models have proliferated over the years. This, in turn, reflects the overriding importance of stethoscopy to the practice of clinical medicine.
What is often overlooked is the critical nature of the performance of any stethoscope. Clinically significant sounds which are near the hearing threshold13 may be totally lost to the examiner if the stethoscope attenuates them by as little as 3 db. It is important to become accustomed to the acoustical pecularities of one's own stethoscope.18 It is also important that the physician choose the right one, since he may miss sounds with one instrument which he could hear with another. A soft high-pitched murmur of aortic insufficiency may be completely inaudible to the physician whose stethoscope attenuates high frequencies, no matter how long he has owned it. The common need is for a stethoscope whose response pattern will not attenuate sounds at any clinically significant frequency, or one which will amplify at selected fre- chestpiece against the chestwall. By experience he has learned that when he increases the force applied to a chestpiece, the intensity of low frequency sounds is reduced, and he is permitted unobscured appreciation of higher frequency sounds. Because the transducer acoustics of chestpieces are critically altered by the force of application, some agreement must be reached as to an optimal applied force before a study of transducer properties can have much meaning. Whatever the transducer properties of various stethoscope chestpieces may be, sound traversing a chestpiece will still be subject to the filtration and transmission acoustics described in this paper. Thus, transmission patterns and filtration patterns are pertinent in comparing the performances of stethoscopes one to another.
This test method can be utilized to investigate the acoustical influences of the component parts of the stethoscope in addition to its present application of evaluating the performances of intact instruments. Chestpieces deserve careful scrutiny since the present data indicate close correlation between chestpiece designs and performance of the stethoscope. Tubing length, diameters, and materials can also be studied in context with the total stethoscope performance and in combination with the acoustical properties of the average human ear. Of special interest is the characteristic distortion pattern introduced by single-tubing design. It is a reasonable assumption that this results from an impedance mismatch between the single tube and the two binaurals. Such assumptions can now be subject to direct experimental observations. Such studies employing the described objective test method are currently underway in our laboratory.
The 
